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Comparison of aortic neck dilatation after open
and endovascular repair of abdominal aortic
aneurysm
Alexander Oberhuber, MD,a Marcella Buecken,a Martin Hoffmann, MD,b Karl-Heinz Orend, MD,a and
Bernd Manfred Mühling, MD,a Ulm, Germany
Objective: This study evaluated the changes of the aortic diameter at the suprarenal and infrarenal segment after open
repair (OR) and endovascular repair (EVAR) of abdominal aortic aneurysms (AAAs).
Methods: This was a retrospective analysis of all patients undergoing AAA repair between 1997 and 2008. Inclusion
criteria were at least 3 months of follow-up at our institution, elective aneurysm repair, and absence of false, mycotic, or
inflammatory aneurysms. For EVAR, standard computed tomography (CT) scans from follow-up were used; in the OR
group, CT scans performed for unrelated nonvascular indications were used. Diameters of the aorta were measured at the
first slice below the lowest renal artery and at the first slice above the highest renal artery. A 2-mm change was defined as
measurable aortic neck dilatation.
Results: Inclusion criteria were met by 46 patients in the OR group and 103 in the EVAR group. After a follow-up of 34.1
months (range, 5.5-131.7 months) in the OR group and 39.4 months (range, 3-108.9 months) in the EVAR group, the
mean changes were 1.75  3.50 mm (OR) and 0.9  2.3 mm (EVAR; P  .305) in the suprarenal diameters and 0.8 
2.9 mm (OR) and 1.2 2.5 mm (EVAR; P .311) in the infrarenal diameters. The absolute suprarenal vs infrarenal sizes
were 29.7  7.1 and 28.7  6.8 mm in the OR group and 28.7  3.2 and 28.5  3.6 mm, respectively, in the EVAR
group (suprarenal, P  .749; infrarenal, P  .273). Increase of the aortic diameter >2 mm, defined as aortic neck
dilatation, was found in 23 of 103 EVAR patients (22.3%  0.862%), and in nine of 46 OR patients (19.57%  0.484%;
P  .870). Increase in the suprarenal change >2 mm occurred in 21 of 103 EVAR patients (20.39%  1.04%) and in 14
of 46 OR patients (30.4%  0.446%; P  .260). Reintervention rate of patients with an increase >2 mm was 31% (seven
of 23) in EVAR and 11.1% (one of nine) in the OR group (P  .386).
Conclusions: The AAA groups treated with EVAR or OR demonstrated similar increases of aneurysmal neck diameters.
This suggests that aortic neck dilatation may be caused by a natural progression of the disease rather than by deviating
therapeutic strategies. ( J Vasc Surg 2012;55:929-34.)
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mIncrease of the infrarenal segment, the so-called aortic
neck, is a commonly observed phenomenon after endovas-
cular repair (EVAR) of abdominal aortic aneurysm (AAA).
Aortic neck dilatation may be the origin for reinterventions
and is therefore our focus. Whereas the incidence of the
aortic neck dilatation after EVAR is well reported,1-3 the
incidence after open repair (OR) is poorly investigated.
Aortic neck dilatation was considered as a specific compli-
cation after EVAR, due to the radial force of the self-
expanding stent graft.4 Falkensammler et al5 showed that
the remaining infrarenal aortic neck also expands after OR.
The aim of this study was to compare the changes of
infrarenal and suprarenal aortic diameter after OR and
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ETHODS
All patients who underwent infrarenal aneurysm re-
air (OR and EVAR) without suprarenal clamping be-
ween 1997 and 2008 were analyzed retrospectively,
ased on a prospective database. Results from follow-up
ere obtained from our outpatient department. Inclu-
ion criteria were 3 months of follow-up, multislice
omputed tomography (CT) scans at our institution for
enterline reconstruction and multiplanar analysis, elec-
ive aneurysm repair, and no false, mycotic, or inflamma-
ory aneurysms. Both groups were compared for demo-
raphic data and comorbidities. In the EVAR group,
nly the three most widely used stent grafts were included:
ore Excluder (W. L. Gore and Associates, Flagstaff, Ariz),
edtronic and Talent (Medtronic World Medical, Sunrise,
la), and the Zenith Trifab (Cook Inc, Bloomington, Ind).
Inclusion criteria were (1) 3 months of follow-up
fter the first postoperative CT scan; (2) follow-up per-
ormed at our institution so that Digital Imaging and
ommunications in Medicine (DICOM) files suitable for
ultiplanar reconstruction and centerline placement could
e obtained; (3) elective aneurysm repair; and (4) no false,
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April 2012930 Oberhuber et almycotic, or inflammatory aneurysms. The short 3-month
follow-up interval was defined so that early migration after
EVARdue to reasons other than neck dilatationwould not be
missed.
Contrary to the EVAR group with mandatory CT
scans in the follow-up, the normal follow-up schedule of
the OR group included mostly duplex ultrasound scan-
ning. CT scans in the OR group were therefore obtained
by querying our picture archiving and communication
system (PACS) database. Studies were thus acquired for
indications mostly nonrelated to aneurysm follow-up.
All patients of the EVAR group met anatomic inclusion
criteria.6
The following parameters for the OR group were re-
corded: demographic data, comorbidities, graft size, infra-
renal and suprarenal diameter, and maximal aneurysm size.
For the EVAR group, additional data were recorded: stent
graft size, length of the infrarenal neck, distance between the
lowest renal artery and the beginning of the remaining aneu-
rysm, and endoleaks. An accurate measurement of the dis-
tance between the lowest renal artery and the beginning of the
graft in the OR group was not possible, thus precluding a
distinction between the graft and the remaining infrarenal
aorta.
Measurements procedure and definitions were done
as previously described.7 All measurements were done on
a Philips workstation (Phillips Brilliance Workspace,
Cleveland, Ohio). After semiautomatic centerline posi-
tioning, the diameters were measured perpendicular to
the centerline. The first slice above the highest renal
artery was defined as the suprarenal diameter, and the
infrarenal diameter was the first slice below the lower-
most renal artery. After a series of 10 patients were
measured in duplicate by two investigators with an inter-
observer and intraobserver variability of 2 mm, aortic
neck dilatation was defined as a change of the aortic
diameter of at least 2 mm.
Surgical procedures. All operations were performed
under general anesthesia with a transabdominal or retro-
peritoneal approach. Selection for the approach was deter-
mined by obesity, prior abdominal surgery, and short or
angulated necks (all favorable for retroperitoneal approach).
Aneurysm exclusion was made by prosthesis interposition by
tube or bifurcated grafts. In all cases, a graft with an appro-
priate diameter compared with the original aortic diameter
was selected.
EVAR procedures. Endovascular procedures were
done under general anesthesia in the operating room under
fluoroscopy. Endografts were selected by diameter, avail-
ability, and personal preference of the surgeon and after
centerline reconstruction.
Statistical analysis. Continuous data are presented as
mean values with standard deviation or range, and the
relevant aortic neck dilatation as mean with 95% confidence
interval (95% CI). Box plots were used for graphic repre-
sentation of different diameters. TheMann-WhitneyU test
was used to compare nonparametric independent samples
and the frequency of relevant aortic neck dilatation. The 2isher exact test was used to compare comorbidities. Fre-
uency of aortic neck dilatation was compared with the 2
est. To assess correlations, the Spearman rank order was
sed. P  .05 was considered as statistically significant.
xcel 2003 software (Microsoft Corp, Redmond, Wash)
nd SigmaStat 3.5 software (SYSTAT Inc, San Jose, Calif)
ere used for statistical analysis.
ESULTS
Demographic data. From 540 patients who under-
ent OR for their AAA, 46 (44 men and two women) met
nclusion criteria. Mean follow-up was 34.1 months
range, 5.5-131.7 months). In the EVAR group, 103
atients (96 men and seven women) met inclusion crite-
ia: 29 received a Cook endograft, 35 a Medtronic
ndograft, and 39 a Gore endograft. Follow-up in the
VAR group was 39.4 months (range, 3-108.9 months).
he patients in the OR group were a mean age of 68.7
ears (range, 34-84 years) and were significantly younger
han the EVAR patients, who were a mean age of 71
ears (range, 35-84.2 years; P  .047).
Distribution of the comorbidities was similar in both
roups, with exception of diabetes and renal insufficiency.
n the OR group, there were significantly more patients
ith renal insufficiency (P  .016), and in the EVAR
roup, more diabetic patients underwent repair. For over-
iew of comorbidities, see Table I.
Median (mm) suprarenal baseline diameters were
able I. Comorbidities of the open repair and
ndovascular repair (EVAR) groups
omorbidity
Open
repair EVAR
P
(n  46) (n  103)
No. (%) No. (%)
ypertension 34 (73.9) 74 (1.8) .950
iabetes 3 (6.52) 23 (22.3) .034
yperlipidemia 19 (41.3) 31 (30.1) .250
hronic ischemic heart
disease 19 (41.3) 36 (35) .576
enal insufficiency 21 (45.7) 25 (24.3) .016
icotine use 15 (32.6) 21 (20.4) .161
able II. Overview of aortic neck diameters at the end
f the follow-up in the open repair and endovascular
epair groups
ariable
Median  SD
P(mm)
uprarenal aortic diameter
Endovascular repair 28.7  3.2 .749
Open repair 29.7  7.1
nfrarenal aortic diameter
Endovascular repair 28.5  3.6 .273
Open repair 28.7  6.8
D, Standard deviation.7 6.2 for the OR group and 28.3 3.3 for the EVAR
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Volume 55, Number 4 Oberhuber et al 931group (P .063), and infrarenal baseline diameters were
26.9  6.1 for the OR group and 27.9  3.7 for the
EVAR group (P  .128). Median (mm) aneurysm sizes
were 55  1.6 for the OR group and 59  1.2 for the
EVAR group. The difference between groups was not
significant (P  .236).
Aortic diameters and changes of the diameters. The
absolute sizes (mm) at the end of the follow-up were
29.7  7.1 suprarenal and 28.7  6.8 infrarenal for the
OR group and 28.7  3.2 and 28.5  3.6, respectively,
for the EVAR group. No statistically significance was
found for the suprarenal diameters (P  .749) and
infrarenal diameters (P  .273; Table II).
The mean change (mm) of the suprarenal diameters
was 1.8 3.5 in the OR group and 0.9 2.3 in the EVAR
group (P .305). For the infrarenal diameter changes, the
values were 0.8  2.9 for the OR group and 1.2  2.5 for
the EVAR group (P  .311; Fig 1). Changes of the
infrarenal and suprarenal diameters correlated significantly,
using the Spearman correlation. This correlation was stron-
ger in the EVAR group than in the OR group (Figs 2 and
3). No statistical correlation between baseline diameter and
absolute diameter change was found for the suprarenal seg-
ment (P .584) or for the infrarenal segment (P .358).
With a cutoff of 25 mm of baseline aortic diameter, no
Fig 1. Absolute change of suprarenal and infrarenal dia
(OR) and endovascular aneurysm repair (EVAR). The ho
the top and bottom borders of the box mark the 75th and
and 10th percentiles.significantly different dilatation rates could be found in the snfrarenal (P  .526) and in the suprarenal segment (P 
495). No significant differences occurred for a cutoff of 30
m (P .373 for the infrarenal segment, and P .333 for
he suprarenal segment).
In close correlation to the baseline diameters, no sig-
ificant differences were found for stent graft sizes, oversiz-
ng, and aortic diameter changes. The distance between the
owest renal artery and the first strut of the stent graft was 0
m in all cases except one, which was 19 mm.
Subgroup analysis: Diameter change >2 mm. An
ncrease of the infrarenal aortic diameter2mm, defined as
nfrarenal aortic neck dilatation, was found in the EVAR
roup in 23 of 103 patients (22.3% [95% CI, 0.1471–
.316]), and in the OR group in nine of 46 patients (19.6%
95% CI, 0.0936–0.3391]). An increase in the suprarenal
hange2mmoccurred in 21 of 103 patients (20.4% [95%
I, 0.1309–0.2946]) for the EVAR group and in 14 of 46
atients (30.4% [95% CI, 0.1774–0.4575]) for the OR
roup (P  .260). A significant difference (P  .02)
etween stent grafts with suprarenal and infrarenal fixation
as found, but with no statistically significant difference
etween this subgroup and the OR group.
Reinterventions. In the EVAR group, seven of 23
atients (31%) with infrarenal neck dilatation needed addi-
ional therapy. Most could be treated endovascularly with
s (in mm) over time in patients undergoing open repair
tal line in the middle of each box indicates the median;
percentiles, respectively, and the whiskersmark the 90thmeter
rizon
25thtent graft extension, but two patients were converted to
Da
eter c
renal
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April 2012932 Oberhuber et alOR. In the OR group, only one of nine patients (11.1%)
needed a redo operation due to progredient suprarenal
aneurysm expansion (Fig 4) and this patient was treated by
a branched stent graft. No patient with infrarenal aortic
Fig 2. Correlation analysis of suprarenal and infrarenal diam
Fig 3. Correlation analysis of suprarenal and infraneck dilatation needed additional therapy (P  .386). mISCUSSION
EVAR is the preferred method for treating infrarenal
ortic aneurysms due to reduced morbidity and short-term
hange in the endovascular aneurysm repair (EVAR) group.
diameter change in the open repair (OR) group.ortality.8,9 However, reintervention rates are quite high
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Volume 55, Number 4 Oberhuber et al 933and non-negligible.10-12 Aortic neck dilatation is one rea-
son for reinterventions due to losing the sealing zone by
late proximal type I endoleaks.
The inhomogeneity of the demographic data found for
the comparison of our two study groups is not fully under-
stood. The higher number of patients with renal insuffi-
ciency in the group with an open approach is understand-
able. The risk for a contrast-induced nephropathy during
the stent graft implantation or during the postoperative
surveillance with contrast-enhanced CT scans is quite high.
The smaller number of patients with diabetes in the OR
group is not clear, however. Diabetes is not an exclusion
criterion for OR, and neither is the possible higher risk for
Fig 4. A three-dimensional reconstruction shows a patient with
suprarenal aortic dilatation after infrarenal open repair.wound healing. lSeveral studies reported infrarenal and suprarenal aortic
iameter change after EVAR, with contradictory results
oncerning the clinical relevance of aortic neck dilata-
ion.1,3,7,13-17 Only a small number of studies have re-
orted aortic change after OR of infrarenal AAA.5,18-20
hese studies used inadequate imaging methods19,20 or
xial measurements on CT scans.5,18,21 We used centerline
econstruction for perpendicular measurements of the aor-
ic diameter, according to the reporting standards for
VAR.22 No studies have compared aortic neck dilatation
fter OR or EVAR.
In contrast to Sonesson et al,18 we could not find
ifferent growth rates for the baseline diameters and also
ound no correlation between the increase of the diameter
nd baseline diameter. In the OR group, the mean change
as 1.75  3.50 mm in the suprarenal segment of the
orta, which was greater than the 0.84  2.90 mm change
ound in the infrarenal segment. In the EVAR group,
he opposite occurred, with the infrarenal change (1.19 
.47 mm) greater than the suprarenal change (0.91 2.28
m). Sonesson et al18 found an increase of 2.8  3.1 mm
t the infrarenal segment and 1.3 3.0mm (at the suprare-
al segment), which was different from our results. Falken-
ammler et al5 found almost congruent results in the infra-
enal and the suprarenal segment (0.16  0.06 vs 0.18 
.05 mm). All others focused only on the infrarenal seg-
ent.19-21 The reason for the inconsistent findings in the
iterature is unclear, whereas we must point out that the
ifferences are very small and statistically not significant.
The incidence of para-anastomotic aneurysms as an end
oint of the constant dilatation varies about 1.3% to 27%,
epending on definition and measurement method.23-25
he time range varies about 10 years in several stud-
es.19,23,25 In our series we found only one (2.17%) true
neurysm in the suprarenal segment with the need of redo
urgery and no aneurysm in the infrarenal segment. Al-
hough aortic neck dilatation is a progressive dilatation over
ime, as with aortic aneurysm growth, no specific growth
attern could be identified or predicted in our and other
ata sets.
The cause of dilatation is not well understood. The
adial force of self-expandable stent grafts can be safely
xcluded as a major contributor, because otherwise, aortic
eck dilatations would not occur after OR. A mechanical
tress due to aortic cross-clamping resulting in aortic dam-
ge with constant dilatation is unlikely; otherwise, the
ilatation would happen only in the infrarenal segment.
he most probable cause is multifactorial, with a natural
rogression of the aortic disease.
A limitation of our study is the quite small patient
umber and the retrospective approach to data analysis. In
ontrast with other groups,18 we did not perform a dedi-
ated CT follow-up scan of the aorta when high-quality
olor duplex scans with appropriate measurements were
vailable. A similar approach would not be approved by the
ocal ethics committee.
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Enlargement of the suprarenal and infrarenal diameter
is similar after open or endovascular repair. Both nonstatis-
tically significant differences and the pattern of differences
in the two groups suggest that aortic neck dilatation is not
therapy-dependent. Natural disease progression seems to
be the major contributor of aortic neck changes after AAA
repair.
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